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The basic data for this analysis are various fish stock abundance 
estimates presented in annua1 reports of ICES stock assessment 
( Working Groups and other literature. These estimates are obtained 
I by using various observation- and assessment methods; acoustic 
1 surveys, use of commercial catch and effort data, tagging experi- 
I ments, egg and larvae surveys and fishing surveys. The values are 
analyzed with respect to the relative and absolute errors and the 
results for the different assessment methods are compared. It is 
shown that although one particular method might give fairly 
presice estimates of certain parts of a stock, in most cases a 
complete and reliable estimate of the total stock must be based 
on several methods. In particular, judging from the results 
achieved, acoustic surveys are potentially a key method for 
assessing stocks of small short-living pelagic fish and also for 
estimating young fish component of some other stocks. 
INTRODUCT ION 
The main problem in evabuating errors in fish stock assessments 
is that the true stock size is seldom or never known. A11 what 
exists is a series of estimates based on one or severab methods. 
Reliable acoustic estimates of stock sizes should be expected 
when the following requirements are mets 
1, Sufficient knowledge is available of the scattering 
properties of the species and size groups whieh are 
being recorded. 
2. Representative samplea of the seatterers are being i 
collected. 
3 , ~ ~ , s u r - ~ ~ e - q ~ ~ ~ o ~ ~ e r ~ o ~ g e L s ~ s ~ f f i c i e n t  regardinq the geo- 
graphica1 distribution patterns of the fish. 
4,  The survey is "synoptic", i.e. fish migrations within 
the survey area during the survey can be negleeted. 
stanee in subsequent years, Pikely sizes of errors or varlanees 
can be estimated. 
l 
In tkis paper stock sizes estimated during some previous years 
have been compared with estimates for the same years in the 
In all-practical survey work sne will have to accept bimitations 
regarding these points and errors will thus be introduced to the 
estimates. It is diffisult to obtain quantitative information of 
the errors involved, The estimates originate from a variety of 
data and information - speeies and size compositians in trawl 
catches, empirical or in situ measurements of scattering cross 
sections, knowledge of fish migration and behaviour patterns in 
relation to survey grids - which all may introduse both biases 
and variances of often unknown magnitudes. Thus estimates of 
errors, or confidenee limits to stock estimates, can seldomly be 
given for each particular survey. However, when different inde- 
pendent assessmentmethods are applied for the same stsek, and/ar 
when the stoek is surveyed and assessed several times, for in- 
latest assessments available, the latter ones being taken as 
"true" stock sizes. The stocks and methods which have been con- 
sidered are: 
Stocks Assessment method 
North-east arctic cod Virtual population analysis (VPA) 
Acoustic surveys 
North-east arctic haddock Virtual population analysis 
Acoustic surveys 
North-east arctic saithe Virtual population analysis 
North Sea eod Vlrtual population analysis 
Barents Sea capelin Acoustic surveys 
Blue whiting Acoustic surveys 
~ ~ k - S e r m a e  ker el. v-~+~l~ewkki~n-a~al-ys-i s- 
Western mackerel - Virtual population analysis 
The procedure which has been applied utilizes the convergence 
nature of VPA estimates. Relative errors in estimated stock sizes 
from VPA decr;ase towards fairly small values as one calculate 
the strength of a year class backwards, the rate of convergence 
.towards the true value being dependent on the level of fishing 
mortality (POPE 1972). However, there are several factors which 
could disturb this convergence. POPE (1972) discussed the effect 
of sampling (random) errors in catch in number by age data which 
will cause a variance on estimated stock sizes. ULLTANG (197'7) 
discussed the effect of errsrs in the assumed value of natural 
mortality, M, and of stock migration. Such errors will result in 
systematic errors in the estimates. This would also be the effect 
of a bias in the catch data, e.g. underreporting of catches. 
For some stocks where the acoustic technics has been extensivehy 
used, e.g. blue whiting and capelin, no reliable VPAs or other 
measures of stsck size exist. In such cases, only the consistency 
in the acoustic estimates between surveys or years can be ana- 
lysed. Such analysis gives an idea about the variance on the 
estimates, while large systematic errors may exist without being 
discovered. 
ACOUSTIC ESTIMATES 
North-east arctic eod and haddock (Tabbes l, 2 and 3). Since 1 9 9 6  
acoustic surveys have been earried out in the Barents Sea in 
order to estimate the abundanee of demersal fish (DUEN and 
SMEDSTAD 1979). The main objeetives of these investigatiens have l 
l 
been to obtain estimates of pung cod and haddock. D a E N  and 1 
SMEDSTm 1979 have given a detailed description of these cruises; 
the design, instrumentation, sampling and data analyzing proce- 
dures. In 1981 two comercha% ?rawlers were used in addition to 
the research vessel in order to increase the number of trawbing 
stations. 
The yearly results of these eruises are given as nuutber of indi- 
viduals in each age group for all age groups of csd and haddock 
observed in the investigated area. Cod and haddsck reach maturity 
at an age of 7-8 and 6 years respectively. The bulk of mature 
fish o6 both species will be on their spawning migration during 
the period of investigation (Februaxy-March) and therefore mainly 
being diatributed outside the area ~f investigation. Consequently 
the estimates of the adult age groups will only amount %o a 
fractisn of the "true" nusnbers, and are therefore excluded from 
the present analysis. 
Two years, l976 and 1980, have not been considered in this paper. 
In 1976 the survey time allscated for the investigations was $00 ( 
shsrt to permit a complete coverage of the young fish distri- 
bution area. In 1980 the performance of the integration system 
was not good ewough to a1low a reliable col$ection of data. The 
results from the remaining years are shown in table 1 and 2 for 
cod and haddock respectively. It should be noted %hat the 1981 
VPA ("true" values) was calibrated to the results of the 1981 
acsustic survey for cod but not for haddock. 
l 
Table 1 shows clearly that all age groups of young cod kave been 
underestimated in the aeoustie surveys each year although the 
variation from age grsup to age group is large. The percentage 
underestimation tend to be highest for the less numerous age 
L 0 i-? I. :, .i;. 
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l 
groups, while the 1975 year class which is the most abundant year 
class throughout the period, seems to be less underestimated. 
The total stock of young cod were underestimated by 25-48 percent 
in the acoustic surveys in 1979-1979. 
In table 2 a similar analysis is presented for haddock. As for 
cod the variation in errors from age group to age group is large, 
but generally the acoustic surveys have overestimated the numbers 
of haddock; the total stoek of young fish being estimated to 
I 
about twice the "true" value in 1977 and 1978. 
l 
Young cod and haddock will to a large extent occur together in 
l 
i the catches. The same age groups of the two species have also 
l i 
nearly equal sizes up to an age of 5 years. Therefore it might be 
convenient to consider the sum of cod and haddock in each age 
g r o up . TKisis-dm~-i n+ab~~~i.-Fl-t'%le-~e-i-%+r+-~e r-lazg~e- -- 
variance between different age groups, but the large systematic 
errors which were experienced when considering the two species 
separately, have disappeared. The total stock of 2-5 years old 
fish seems to have been very preeisely estimated acoustically all 
the years, except in 1979 when it is underestimated by approxi- 
mately 3 0  per cent. The "true" P979 stock depends, however, 
eritically on the VPA input. 
Why.have the acoustic surveys resulted in an underestimation of 
I cod and an overestimation of haddock? In our opinion the main 
reason must be sought in the representativity of the trawl 
catches. It has been assumed (DALEN and SMEDSTAD 1979) that the 
trawl catches reflect the "true" species and length (age) compo- 
såtion of the acoustically measured population. Judging from the 
results obtained above, this assumption has hardly been met. The 
relative large error of 32  per cent underestimation in 1979 also 
need some comments. During that winter a severe cooling of water 
masses took place in the area of investigation. This lead to a 
westward displacement of the young fish from l978 to 1979 
(MIDTTUN, NAKKEN and RAKNES 1981) and it is thus possible that 
fish consentrations in the western Barents Sea were not covered 
satisfactorily by the survey that year. 
(Table 4). The stock of Barents Sea Capelin 
has been assessed on the basis of annual acoustic surveys since 
1971 (NAKKEN and BOMMASNES 1947, DOMMASNES 1981), Capelin has a 
short I,ife span. Most of the Barents Sea stock spawn at an age of 
4 years along the northern coasts of Norway and the USSR in 
March-April. The aeoustic survey, which since 1 9 7 5  has been a 
joint Norwegian-USSR survey, is undertaken each year in September- 
Qctober. All age groups are partly covered by the survey, bu% due 
to the behavisur patterns of Q- and %-group fish and because of 
different trawb selectivity of these two age groups as compared 
to larger fish, these age groups are excluded from the estimates 
(NAKKEN and DOMMASNES 1 9 7 5  and 1977, DOMMASNES 1981). The results 
of the surveys are reported as nllrnber of individuals in each age 
group for fhsh which is 2 years and older. 
l 
l 
-Capecl.ins~uf~eer-uass mortality after its first spawning. Since 
! most of the fish spnwn at an age of 4 years and the first reli- 
able estimate of a yearclass is ohtained when the fish is 2 years I 
I 
l old, an error analysic must be based on the comparison between 
i the estimates of 2 and 3 years old fish in two successive years. 
DOIVaMBSNES (1981) has made such a comparison for estimating the 
natural mortality of capelin from 2 to three years ~f age. He 
arrived a% estimates of natural mortality, MF between 0.35 and 
1.03, most of the estimates being within the range, (3.6-0.7. The 
ILES working group has used a monthly natural mortality of 0.05 
in the assessment of the stock. In the present paper we have 
adopted a eonstant nakural mortality of 0.05 per month for the 
entire period bstween tws surveys. Using this value and the catch 
in number by age data we have caleulated the expected nurriber of 3 
year old fish from the sbserved number of 2 year old fish the 
previous year. The results are given in table 4. The deviations 
are the differenees between the acoustically measured and ~xpeeted 
number of 3 year old fish. 
Table 4 shows no systematic trend but large varianees appear 
between different years (yearelasses); the deviations varying 
from +51 per cent to -71 per cent. ~owever, in 5 of the 10 years 
the survey has been carried out, the deviations are Less khan bl 
per cent, and these small discrepancies might probably be within 
the variationa in the natural mortalities. The deviations of 30- 
50 per cent which occurred in 1978, l979 and 198% can probably 
not be explained by variations in natural mortality. For these 
years the sources of errors should be sought in the survey me- 
thodslogy and design, in the performanee of the integration 
system or in the scattering cross sections which have been applied. 
Table 4 may give the impression that systematic errors have been 
small and negligible, but tkis is not necessarily true. Since the 
catches only amount to 12-30 per cent of the yearly redilstion of 
a year elass, the estimates of abundance may be scaled up or down 
wåthout influencing the computed deviations significantly. Conse- 
i 
quently, systematic errors, for instance caused by the appli- 
cation of too asw or too high scattering cross sections, cannot 
1 beetectedxT-the presentanalysirKrneve~~c-sm'parkson~f 
1 acoustic estimates of the spawning stock of capelin with estimates 
I 
I sbtained from tagging experiments and eggs and larvae surveys for 
the period 1972-1975 (ULLTANG 1977), indicated that no large 
systematic errors occurred during that period. 
In some of the years incomplete area coverage might have been a 
significant source of error. In 1979 the lack of 3 year old fish 
in the acoustic survey was probably caused by insufficient cover- 
age of the south easternmost areas of the Barents Sea. 
Blue whiting (Table 5). Acoustic estimates of biomass of spawning 
-
b%ue whiting have been worked out every year since 1972. The 
estimates originate from surveys of the spawning area west of the 
British Isles within the period February-May. Several vessels 
from various research laboratories have contributed to the surveys. 
The results of the surveys are summarized by the Blue whiting 
assessment Working group and given in table 5. 
The estimates in table 5 vary considerably both within and bet- 
ween years, and the Working Group (1981) being aware of the 
potential sources of errors, considered as a minimum estimate the 
spawning stock biomass to be in the range 5.7-8.7 million tonnes, 
with a mean of 7.2 million tonnes; which corresponds to errors of 
+ 2% per cent. Unfortunately there is no available data whåch 
- 
enable us to break down the total estimates ints estimates for 
each age group. Hence, it is impossible to analyze the results in 
the same manner as for capelin and North-east arctic cod and 
haddsck in the preeeeding seetions. Mowever, several workers have 
been aware of the diffieulties involved regarding incomplete area 
coverage and fish migration in eonnection with the blue whåting 
surveys. The fish migrate quickly both into and out of the main 
spawning area (BUZETA and NAKKEN 1975) and many of the surv:sys 
$hus cover only a minor part of the total spawning sts,?k. The 
various laboratories have alao in the past used dilferelxt tech- 
nfques and different conversion faetors (scattering eros.: sectåons) 
whish has made it difficult to obtain eomparable results. Never- i 
theless, during the tws last years the acoustic estimates obtained 
~~oirapa~&h_is%$.weera.~~1ab~orat~ri~es~md~the errors involved are 
now probably at a level which require more knowledge of the 
traditional population parameters (growth, age, maturity, reeruit- 
ment) in order to increase the precision in the estimates. 
ESTIMATES BY BTHER ASSESSMENT METHBDS 
In this seetion stock size estimates for each year during the 
period 1975 - l978 as given in the relevant PCEC Working Group 
report the next year are cobnpared with estimates of stock a i z e  
for the same years as given in the VPA's carried out durinq the i 
l981 round of working group meetångs. The latter ones are for 
ssnvenience called "true" values. It should however be noted $hat  
(i) The final year in these VPAss is 1980. Therefore, the 
estimate for l978 is based on only 3 years catch data and 
may still be somewhat dependent on input fishing mortality 
or stock size for $980. The likely errors from thic source 
will deerease as one gses back to 1947, l976 and 1975. 
(ii) Disregarding the effect of wrong input values in 1980, the 
"true" values should rather be read as "the best estimate 
consistent with the value of natural mrtality assumed in 
the VPA". 
The comparisons have been carried out for the following stocks: 
North-east arctic cod, haddock and saithe, the North Sea and 
Western stock of mackerel, and North Sea cod. 
For these stocks a variety of data have been used in the assess- 
ments: Commercial catch per unit of effort data (cod, haddock and 
saithe), young fish trawl survey data (cod and haddock), data 
from egg surveys (mackerel) and tagging results (mackerel). 
Befsre discussing the results it should be pointed out that the 
only objective of the present work is to illustrate the problems 
and likely size of errors connected with the various assessment 
methods. Further, it has not been possible or even atteipted to 
fully reflect the discussion and possible reservations to the 
estimates given in the various Working Group reports. 
Data on catch in number by age have been an essential part of the 
input in all the assessments discussed. For all stocks have been 
stated the kind of additional data which were utilized without 
repeating the existence of the basic data on catches and age 
compositions. 
North-east arctic cod (Table 6). The' north-east arctic cod is 
coming into the fishery in significant numbers as 3 year old. It 
recruits to the spawning stock around an age of 8 years. Most of 
the catch of young (immature) cod is taken in trawl fisheries 
while a significant part of the catch of older fish is taken by 
other gears. 
The data available to, and used by the Working Group over the 
period considered were mainly catch per unit of effort (CPUE) in 
various trawl fisheries, CPUE in the spawning fishery with long 
line, hand line and gill net at Lofoten, and abundance indices 
from pre-recruit trawl surveys. 
Table 6 shows that the mature stock (N8+) has been fairly accu- 
rately estimated over the whole period considered, the errors 
ranging from Q to +2Q per cent. However, great difficulties kave 
apparently been experienced in estimating the younger part Q% the 
stock, errors ranging from -42 to 9121 per cent on 3 year old 
fisk. Errors were consistently positive except in the å379 assess- 
ment (1978 stoek), For 1975 - b976 the average exploitatisn 
pattern for the years 1970 - 1974 was assumed, which in retrs- 
spective can be seen resulted in too high 2;tock sizes for the 
younger age grsups, especially in 1946. 
This was even niore pronsunced f o r  l977 in an assessment carried 
out by the working group in March 1978. Hswever, that assessment 
was revised in September 1978. In the latter assessment, which is 
the sne which has been used in Table 6 for 1977, the Vorking 
Group did not assume an average expbsitation pattern but studied 
in more detail CPUE-data from the various fisheries, By this f 
prosedure, fishång mortality in 1977 was estimated separately for 
the younger and older component of the stock, and for the ysunger 
part the fishing mortality was estimated separately for each age 
group. Although this stibl resuåted in heavy overestimation of 
one age group, the 4 year obds, the results improved significantly. 
The prscedure was continued in 1979 wkien estimating the 1978 
stoek, resulting in fairly good estimates of al1 age groups 
except for the 3 year slds which appearantly was underestimated, 
It should be noted $hat doubts have been expressed about the 
validity of the data on catch in number by age in 1978. Errors in 
thsse data would invalidate both the 1979 assessment and l981 ( 
assessment of especialfy the 1978 stock. 
To sumarize, a1though detailed analysis of CPUE-data seemed to 
improve significantly the estimates of 5 year old and older cod, 
great diffieuities are still. experienced in estimating the 
number of 3 and 4 year olds, i.e. cod whish have been in the 
fishery for snly 1 or 2 years, 
North-east arctic haddoek (Table 7). Also the haddock is re- 
cruiting to the fishery in significant number as 3 year old. The 
spawning stsck esnsists of 6 year old and older fish. Assessments 
for the years l975 - 1978 were mainly based on CPUE-data from 
trawl fisheries and abundance indiees from pre-recruit trawl 
surveys . 
Errors in spawning stock estimates ranged from -36 to 919 per 
cent, i.e. somewhat barger than for csd. This is not surprising 
since tkere is no separate spawning fishery with an extensive 
data base for haddock as it is for cod. 
Also for the younger age groups the errors are larger for haddock 
than for eod, ranging from -25 to +l92 per cent for the 3 year 
olds, and +l to +l25 per cent f o r  the 4 year olds. 
In contrast to the cod assessments, the Working Group continued 
to use the average explsitation pattern for the years 1970 - 1974 
over the whole period. The large errors in the assessment of the 
1977 stock are of similar magnitude as those for cod in the March 
1978 assessment whieh was later-revised for cod but not for 
haddock . 
The comment made about b978 cateh data for cod concerns haddock 
as well. 
In Lhe preceeding diseussion emphasis has been laid on the diffi- 
culties arising from changing exploitation pattern. Such diffi- 
culties can to a large extent be overcome if catch per unit of 
effort data are broken down on age groups provided the appropriate 
data base for doing this exists. The large errors in especially 
the 1976 stsck estimate for cod and the 1975 - 1977 stock estimates 
for haddock should therefore not be taken as estimates of likely 
errors when making optimal use of CPUE-data covering the main 
fisheries. 
North-east -- arctic saitke (Table 8). The saithe recruits to the 
fishery in significant nurnber as 2 year old. The spawning stock 
consists of 6 year old and older saithe. There are two distinct 
main fisheries, a purse seine fishery which mainly exploits 2-4 
year old fish and a trawl fishery where 4 year old and older fish 
dominate. 
l 
Assessments have generally been made by making judgements about 1 
changes in fishing effort in the different fisheries and select- 
ing values of fishing mortality for the last year on the different 
age groups whish i n  t h e  VPW gave krends which were i n  agreement 
wi th  t h e s e  changes, B e t a i l s  on t h å s  procedure a r e  n o t  given i n  
t h e  Working Group r e p o r t s ,  and it i s  n o t  known what d a t a  t h e  
judgements about changes i n  f å sh ing  e f f o r t  r e a l l y  were based on. 
The e r r o r s  a r e  r e l a t i v e l y  s m a l l  which probably can be expla ined  
by t h e  f a e t  t h a t ,  according t o  t h e  l a s t  VPA a v a i l a b l e ,  t h i s  has  
been a f i s k e r y  wi thout  $00 l a r g e  changes i n  e f f o r t  over  t h e  
pe r iod  cons idered  and t h e  å m e d i a t e  preceeding y e a r s ,  except  f o r  
a d r a p  i n  f å sh ing  e f f o r t  i n  t h e  t r a w l  f i s k e r y  i n  l977 a s  a r e s u l t  
06 extended c o a s t a l  s t a t e  j u r i s d i c t i o n ,  The working group was 
ab%c t o  t a k e  account of t h a t  i n  i t s  assessment of t h e  l977 s tock  
i n  b948. 
The e r r o r s  i n  the assessment of t h e  5 year  o l d s  i n  b976 and 4 
~ ~ ~ ~ ~ a b e ~ - 6 - Q - p e - r c & ) - ~ - T b -  
5 y e a r  o l d s  i n  1916 was a weak yea r  s l a s s  and t h e  e r r o r  rnay 
simply be a r e s u l t  of  va r i anse  i n  es t imated  age composition of  
the ca tehes .  The e r r o r  i n  the assessment of t h e  4 year  o l d s  i n  
$977 c s u l d  have another  explanat ion:  Judged from t h e  VPA given i n  
t h e  1978 r e p o r t  t h e  GiTorking Group ascumed t h a t  t h e  drop i n  
Eishing e f f o r t  i n  P977 a f f e c t e d  4 year  o l d  and o l d e r  f i s h .  The 
l 9 8 1  VP24 i n d i e a t e s  t h a t  t h e  4 yea r  oEds i n  1977 were n o t  a f f e c t e d ,  
o r  t h e  r educ t ion  w a s  sompensated f o r  by i n c r e a s e  i n  f o r  example 
purse  s e i n e  e f f o r t  on 4 y e a r  o l d s .  
( 
The problem of rneasuring e f f e c t i v e  purse  s e i n e  e f f o r t  å s  wel l-  
knowl. Since t h e  fishLng m o r t a l i t y  on younger age groups of 
s a i t h e  mainly i s  generated by the purse  s e i n e  £ l e e t ,  and s i n c e  i n  
a d d i t i o n  t h e  purse  s e i n e  e f f o r t  rnay a f f e c t  t h e  va r ious  age groups 
d i f f e r e n t l y  i n  d i f f e r e n t  y e a r s ,  depending on t h e  geographical  and 
seasonal  d i s t r i b u t i o n  of t h e  f i s h e r y ,  l a r g e  e r r o r s  could be 
expected i n  assessment of t h e  younger age groups by t h e  method 
used by t h e  Working Group, Indeed, exeept  f o r  t h e  two cases  
d i scussed  above, t h e  a u t h o r s  found t h e  e r r o r s  s u r p r i s i n g l y  s m a l l .  
North Sea cod (Table 9 ) .  North Sea cod r e c r u i t s  t o  t h e  f i s h e r y  
a s  l year  o l d  and t o  t h e  spawning s tock  mainly a s  3 yea r  o l d .  
In its assessments the Working Group has used abundance indices 
from young fish trawl surveys and CPUE-data from the commercial 
fishery. Values of fishing mortality the most recent year have 
been selected to give VPAs consistent with calculated trends in 
effort. However, for all the years considered, except when esti- 
mating the 1975 stoek in 1996, the fishing mortality on the 1- 
group has been adjusted to give year cbass strength consistent 
with the young fish trawl survey data. 
I 
The l-group has been fairly aecurately estimated over the period, 
l 
l 
l errors ranging from -36 to +8 per cent while the 2-group was 
l 
I overestimated by as mueh as 44 and 80 per cent in 1978 and 1976 
1 i respectively, and the number of older fish by 53 and 88 per cent l in l975 and 1976. 
l 
l 
l I ~ e a  recruirecrultc-to 
l 
I the fishery at an age of 2 years and to the spawning stock at age 
3. 
Assessments have almost entirely been based on tag recaptures. 
Egg surveys to monitor changes in the spawning stock have been 
carried out since 1973, but data from these have only been used 
as supporting evidence for estimated trends in spawning stock 
I from VPAs where the input fishing mortalities have been based on 
l 
l 
I 
tagging results. Since the tag recaptures give no estimates for 
l (  the youngest age groups, these have been estimated by assuming sertain relative values of fishing mortality compared to the 
older ones. 
Some reservations should be made to the estimated "errors" in 
Talale 10. 
(i) North Sea and Western mackerel are during summer mixed in 
feeding areas in the northern North Sea. Catches have been 
allocated to stocks by utilizing tagging data, but large 
uncertainties exist in the estimated proportions. VPA 
estimated stock sizes backwards are valid only as far as the 
allocation of catches to stocks are valid. Therefore the 
- term "true" stock is even more obscure in this case. 
(ii) Tag recaptures from l979 onwards have been too few to give a 
valid estimate of fishing mortality in $979 or 1980. The 
fishing mortalities for l98Q in the last V P 2  were cePected 
to give values for previous years similar to tksse estimated 
by the 1979 Wsrking Group. The small "error" in the 1978 
stock estimate of ages 3 and older therefore only reflects 
the calibration of the 1981 assessment to the 1979 assess- 
ment, although the egg data were found to give supporting 
evidence for the resulting estimated trend in the spawning 
stsek. It should also be noted %hav with the relative 1ow 
fisking mortali%ies in recent years, the eonvergence of the 
VPA will be slow. 
(iii) The analysis for 1975 and 1976 was based on values of 
natural mortality, M=0.2, while in subsequent years M=O.%5 
was used in aceordance with estimates zrsm -ing data.  
Having made these reservations, it should bel noted that the 
estimated errors of the 3+ stock were small alsa in 1977 and 
1975. The errsr in l976 was Parger, +44 per cent. The working 
group says in its'l978 report that same overestimation had taken 
place because wrsng prsportions of catehes were allocated to the 
North Sea stock for 1976 at the 1997 meeting. 
It appears that the number of 2 year old fisk has been signifi- 
cantly underestimated in three of the years. i 
Western mackerel (Table 11). The Western maskere1 recruits to 
the fishery in sågnificant n d e r s  already as P year old, and to 
the spawning stock as 3 year old. 
In the assessment of the l975 and 1976 stock in l976 and 1977 
respestively, terminal fishing mortalities and resulting stock 
sizes of one particular year elass, the l969 year class, were 
estimated from North Sea tagging data, assuming tkat the prspor- 
tions of this year class from the two stocks in the mixing area 
around Shetland refleeted its strength in the two stocks. The 
sther year ciasses were then estimated from assmed relative 
values of fishing mortality. Pt is seen that this resulted in 
underestimation of the adult stock of Western mackerel in both 
years . 
The problem of allocating catches to stock in the mixing area 
also have consequences for assessment of the Western mackerel, 
especially when using the method describetk above. Thus, the wrong 
allocation of l976 catches to stock which led to overestimation 
of the North Sea stock in l976 contributed to the underestimation 
of the Western stock. 
In 1977 a large scale egg survey was carried out, and the spawning 
stock in P977 was calculated from that survey. Also the spawning 
stsck in subsequent years was indirectly estimated from that 
survey by calibration of the VPA to give a backcalculated 1977 
s tock equal-t=-he survey es tirrra-TeVPA-cari-ied-omt-m-1-98-1, 
the "true" stock, was calibrated to a new egg survey carried out 
in 1980, The results indicate that such large scale egg surveys 
can give rather precise estimates. The main problem in the Western 
stock assessment, as for the North Sea stock, seems to be the 
estimation of younger age groups where changes in relative fishing 
mortalities from year to year may heavily bias the results. 
By basing the assessment of the Western stock on the egg surveys, 
errors in assessment arising from uncertainties in allocation of 
catches to stock in the mixing area have been strongly xeduced 
cinee most of the western mackerel is caught in other areas* 
DPSCUSSION AND CONCLUSIONS 
In the preceeding analyses errors on separate age groups in the 
young fish stocks have been given. In Fig. la-is plotted for the 
four demersal stocks the percentage error in the VPA-assessments 
of total young fish stock and adult stock while Fig. Ib shows the 
percentage error in the acoustic estimates of the young fish 
stocks of N-E arctic cod and haddock and for the total of the two 
species. Considerjng N-E arctic eod and haddock it is seen that 
large psoblems have been experienced by both methods in the 
assessment of the young fish stoeks. Yet, when grouping cod and 
haddsck the acsustic results are surprisi.nlgly geodl, %hus it mkght 
be eoncluded $hat the acoustic surveys seem to produce fairly 
reliable infonnation absut the state of the total young fisk 
stock of cod and haddock in the Barents Sea. 
From Fig. P i$ is also seen that the VPA-assessments o% the adult 
stoeks of N-E arctic cod and haddock have been more preeise $han 
for the ysung fisk stack and regarding N-E arctic saithe and 
North Sea cod the errors seem to be of absut the same leve% for 
the rwo csmponents. It should, however, be psinted sut that for 
predistive purposes a much higher presision may be required for 
the as:;essrnen$ o% the young fish stsck than f o r  the adult stoek. 
i 
The errors in the acsustic estimates of Sarents sea capelin have 
- ~ k S f - ~ ~ d e d ~ ~ ~ ~ ~ t k e ~ p e r i s d .  Y et, on an average, the 
number of capelin seem to have been estimated acoustically with 
a presision comparable to that for the young fish stocks of N-E 
arctic cod an+-% haddock when these two species are grouped. The 
lack of other rneasures cf capeiin abundanc2 precludes an evalu- 
ation of the accuraey ~f the aeoustic estimates. 
Of the acoustically meas~red stocks which have been treated in 
this paper,  blue whiting seems to have been the most diffieult to 
deaP with. A major reason for this might be that al1 surveys in 
the past have been carried out in the spawning season when the 
sequirements both regaiding coverage and weather conditions are 
difficult %o meet, 
For the tws maekerel stocks, disregarding the years 1975-1976 for 
the western stsck, the adult stocks have been estimated with 
rather high precision while the results for the younger age 
groups are mare variable. This is not surprising sinse the adult 
stocks have been estimated from tagging experiments and egg 
surveys while the younger age groups have been estimated by 
making assmptions on fishing pattern. 
It is of course impossible from the analysis carried out in this 
paper to rank one assessment method above the other, in general. 
Each method has its strength and weaknesses depending on the 
behaviour, availability to gears and instruments and migration 
patterns of the fish stock in question. Further, limitations of 
man power as well as limitations due to vessel and instrument 
costs will highly influence the results obtained by any assess- - 
ment method. However, judging from the results presented here it 
seems that abundance estimates from acoustic surveys have reached 
a precision and accuracy which significantly could improve the 
assessment of some fish stocks or stock compsnents which previ- 
susly, with large errors, have been assessed mainly by fiahery 
dependent data and methods. 
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TabPe 1. North-east a r c t i c  cod. Number of  ind iv idua l s  ( N  10 ) i n  each i 
Acoustic e s t ima tes  
"True" value  
Per c e n t  e r r o r  
Sum of  2 age groups 
A C O U S ~ ~ C  e s t ima tes  
"True" va lue  
Per c e n t  e r r o r  
from v i r t u a l  popula t ion  a n a l y s i s  1981 ( 'True" va lues )  and percenl 
1977 
N 2 N3 5 N6 N 4 N 
Sources: ICES C.M. 1982/G:2, DALEN and SMEDSTAD (1979). 
1978 
N 2 3 N4 N N 5 N 6 
Sum of  3 age  groups 
Acoustic e s t ima tes  
"True" value  
Per c e n t  e r r o r  
Sum of  4 age groups 
Acoustic e s t ima te  
"True" va lue  
Per c e n t  e r r o r  
Sum of 5 age groups 
Acoustic e s t ima te  
"True" va lue  
Per c e n t  e r r o r  
le group est imated from a c o u s t i c  survey each yea r  and 
rge e r r o r .  
130 56 51 
180 108 85 
-28 -48 -40 
144 - 6 1  
209 120 
-31 -49 
149 
221 
-33 
114 112 35 
154 128 57 
-23 -13 -39 
136 115 
175 139 
-22 -17 
139 
186 
-25 
ul CO m  
CO 0 d 
&?l cn hl 
m f - h l  
BI c 4  9 
d C1 d 
4 m m  
m d u3 
cn m CO 
t a m o  
m r l m  
m u e  
i0 0 0 
c n e e  
u3 CO 0-7 
Table 3 .  North-east a r c t i c  cod and haddock. Number of  i n d i v i d u a l s  ( M  * 1 0  ) i n  each age group es t imated  from a c o u s t i c  t7 
surveys each yea r  and from v i r t u a l  popu la t ion  a n a l y s i s  i n  1981 ( " T r u e ' ~ a B u e s ]  and percentage  e r r o r .  
1981 
2 Icd3 4 N5 M N 
10  7 19  40 
17 1 5  17  3 2 
-41 -52 + l4  +28 
17 2 6 5 9 
32 32 4 9 
-47 -P9 +20 
3 6 6 6 
4 9 64 
-27 + 3 
7 6 
8 1 
-6 
Acoust ic  e s t i m a t e s  
"True" v a l u e s  
Per  c e n t  e r r o r  
Sum o f  2 age groups 
Acoust ic  e s t i m a t e s  
"True" v a l u e s  
Per  c e n t  e r r o r  
Sum o f  3 age  groups 
Acoust ic  e s t i m a t e  
"True" v a l u e s  
Per  c e n t  e r r o r  
Sum o f  4 age  groups 
Acoust ic  e s t ima te  
"True" v a l u e s  
Per  c e n t  e r r o r  
1978 
N2 M3 "4 N5 
38 153 2 1 17 
68 108 29 
-43 +42 -29 -20 
22 
191 17 4 38 
176 137 5 1 
i- 9 +27 -25 
212 191 
205 159 
+ 3 +20 
229 
227 
+ 1 
1977 
N2 N3 N4 N5 
164 3 O 3 8 15  
129 46 47 3 0 
-1-27 -35 -21 -51 
194 68 53 
175 93 7 7 
+ l 1  -27 -31 
23 2 8 3 
222 123 
+ 5  -33 
24 7 
252 
- 2 
B979 
N 2 "3 N4 
1 3 2 9 7 5 9 
55 7 3 18  
+3 -51 :: 4 7  
3 2 B04 84 
8 O B28 91 
-60 -19 -8 
107 113 
153 146 
-30 -23 
116 
17 1 
-3 2 
pel C 
Table 5. Acoustic estimates of spawning stock biomass 
(million tonnes) present in the area west of 
the.British Psles, 1972-1981, 
Norwegian UK USSR 
surveys survey s surveys 
1972 28 Feb. - 15 Mar. 2.6 
1973 12-30 Mar. 6.6 
31 Mar. - 11 Apr. 2.4 
1974 15-29 Mar. 2.3 
31 Mar. - 8 Apr. 2.3 
6-22 Apr. 10.5 
$975 15 Mar. - 7 Apr. 9.4- 
9-27 Apr. 
6-14 May 
11-27 May 
1976 22 Mar. - 11 Apr. 16.8 
23 Mar. - 12 Apr. 
10 Apr. - 2 May 11.2 
1977 23 Mar. - 1 Apr. 
1978 1-7 Apr. 
8-25 Apr, 
8-21 Apr. 
18 Apr. - 4 May 
Sources: ICES C.M. 1980/Ho5, C.M. 1981/H:12. 
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Fig.  L .  a) Per cen t  "e r ror"  i n  Working Group es t imates  of young f i s h  
stock (ao t ted  l i n e )  and spawning stock f o r  t h e  years  
1975-1998. 
b) Pe r  c en t  "e r ror"  i n  acous t ic  es t imates  of young f i s h  
stock f o r  t he  years  1977-1981. 
